botics, statins, antihypertensives, revascularization procedures and lifestyle modification (smoking cessation, exercise and diet education). Finally, successful hospital-based quality improvement programs for initiating and maintaining these evidence-based recurrent stroke prevention treatments are also described. Conclusions: A timely, systematic, evidence-based multimodal preventive approach to atherothrombotic disease in ischemic stroke and TIA patients that transcends the continuum of care will enhance treatment rates and improve clinical outcomes.
Introduction
Stroke prevention, especially in patients who have already experienced stroke or transient ischemic attack (TIA), is critical for reducing the burden of disease on patients, their families and society [1] . This is particularly relevant since there are extremely few options for treating a stroke when it actually occurs [1] , and the overwhelming majority of acute stroke patients do not receive these treatments [2] . Approximately 30% of strokes are recurrent in nature [3] and the occurrence of a stroke or TIA is the strongest predictor of a repeat event [4] . The
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Since the atherothrombotic disease process is systemic in nature with a variety of manifestations, stroke patients with atherosclerosis frequently have coexistent coronary artery disease and peripheral arterial disease [6] , and as such are at risk for vascular events emanating from any of these beds in addition to that of the cervicocephalic arterial tree [7, 8] . Fortunately, several existing and emerging therapies that specifically target the underlying atherosclerotic disease process have been shown in clinical trials to markedly lower the risk of recurrent vascular events including stroke [4] . Still, a high proportion of patients are not receiving appropriate preventive measures in a timely manner, and many misunderstandings remain about the most effective agents and treatment regimens resulting in an evidence-practice gap [9] .
This article presents up-to-date information on the following topics for the practitioner caring for the ischemic stroke or TIA patient to consider: modifiable risk factors for recurrent stroke and TIA, pertinent clinical trials of stroke prevention, evidenced-based guidelines for recurrent stroke prevention, and ways to improve treatment compliance.
Stroke Morbidity and Mortality
Worldwide, stroke is surpassed only by heart disease as a leading cause of death [10] . Approximately 22% of men and 25% of women with a first stroke die within 1 year, while four fifths of patients do not survive to 10 years [11] . These percentages are even higher among those over age 65. In addition, disability that often accompanies stroke can have a devastating effect on independence and quality of life. For stroke survivors, the medical, social and economic consequences are considerable: 15-30% of stroke survivors are permanently disabled, and 20% require institutional care 3 months after the debilitating event [11] . Beyond the occurrence of the index cerebrovascular event, approximately one third of stroke survivors will have a recurrent stroke, and one fifth a myocardial infarction (MI), within 5 years [12] . The short-term risk of a cerebrovascular event is also not inconsequential. Stroke risk following an index stroke or TIA is about 18.5% at 90 days after the event. Of additional concern is that the impact of a recurrent stroke is more devastating than that of a first-time stroke, with the 30-day mortality rate after a recurrent stroke being almost double that after a first-ever stroke (41 vs. 22%) [13] .
Stroke Risk Factors
The first step in any approach to stroke prevention is the identification of predisposing risk factors. The focus of this section will be on those stroke risk factors that are associated with atherothrombotic disease. Most of the known biological and lifestyle risk factors associated with cerebrovascular disease were identified decades ago from large longitudinal studies, but some of the stroke risk factors are nonmodifiable and therefore cannot be the target of intervention.
Advanced age is the most potent nonmodifiable risk factor for stroke. For instance, stroke risk in persons 6 65 years is 16-25 times higher when compared to relatively younger persons [4] . Sex, family history, and race also display a positive correlation with stroke incidence. Men are 1.25 times more likely to suffer stroke than women, even though women account for 60% of stroke fatalities [11] . Blacks also appear to be at greater risk for stroke incidence and mortality than whites [11] . Risk factors that are not directly modifiable still put patients at high risk for recurrent stroke and therefore dictate an overall more aggressive management strategy [4] . However, there are modifiable risk factors ( table 1 ) , which are discussed in a broader context in the sections on pharmacotherapy and lifestyle modification. These stroke risk factors are very well known, but optimal control of these factors in stroke and TIA patients remains a challenge [9] .
Transient Ischemic Attack
TIA and stroke are both risk factors for recurrent stroke. In fact, recognition of this by clinicians is essential in the prevention of recurrent stroke. TIAs are presently defined as temporary interruptions in blood flow to the brain that cause sudden and discrete neurologic deficits lasting less than 24 h [14] . However, vascular neurology experts believe that TIAs should be redefined on the basis of evidence that brain tissue can be damaged, even if obvious symptoms resolve in less than 24 h. Therefore, the duration of symptoms is now considered to be a poor indicator of event type, and any patient who presents with transient neurologic deficits suggestive of a TIA should undergo full investigation into the sources of underlying cerebrovascular risk; appropriate prevention strategies should then be initiated early before disabling stroke occurs [14] .
Indeed, TIA carries with it a substantial risk of future stroke. A population-based study found that stroke risk after a TIA was 9.5% at 90 days and 14.5% at 1 year. In a cohort study of 1,707 patients identified by emergency department physicians as having had a TIA, a 10.5% risk of subsequent stroke within 90 days was identified -this is 50 times the expected risk for an age-matched cohort [15] . It is important to note that this study also found that for more than half of those who had a subsequent stroke within the 90-day period, this second stroke occurred within 48 h of the TIA [15] . Risk factors for TIA are similar to risk factors for stroke; hypertension, diabetes, and advanced age are all associated with an increased risk of stroke 1 year after an initial TIA [14] .
Symptoms of TIA vary depending upon the affected vascular territory. Carotid artery ischemia often leads to visual disturbance such as transient graying, fogging, or blurring of vision, or an appearance of a 'shade' over the field of vision. Hemispheral ischemia may cause weakness or numbness of the contralateral face or limbs and is associated with language difficulties or cognitive/behavioral changes. Vertebrobasilar TIAs may be associated with ataxia, dizziness, vertigo, dysarthria, abnormal eye movements, disturbed vision, and unilateral or bilateral motor sensory symptoms. A new scoring system for assessing short-term stroke risk was developed to help clinicians determine which TIA patients might require emergency care and/or hospitalization and was published in early 2007 [16] . The ABCD system takes into account several clinical characteristics ( table 2 ) and unlike other stroke risk scales was specifically designed to predict stroke risk within this critical 2-day window. Readers should consult the full reference for complete information on using this system [16] .
Pharmacotherapies
Three main classes of pharmacotherapy have been shown to have substantial impact on cardiovascular and stroke risk. Antithrombotic agents, antihypertensive agents and statins treat the basic underlying pathophysiology of atherosclerosis through independent and likely synergistic mechanisms.
Antiplatelet Therapy
A meta-analysis by the Antithrombotic Trialists' Collaboration assessed the effect of antiplatelet therapy in patients with various manifestations of atherosclerosis [17] . In total, this analysis included 135,000 patients in comparisons of antiplatelet agents versus control and 77,000 patients in comparisons of different antiplatelet regimens. This meta-analysis found that overall, antiplatelet therapy reduces the combined odds of stroke, MI or vascular death by 22%, and that antiplatelet agents reduce the odds of a nonfatal stroke by 25% over a wide range of patients with or without a history of stroke [17] .
Single Antiplatelet Therapy
Aspirin prevents platelet activation by inhibiting the enzyme cyclooxygenase, thereby blocking thromboxane generation. Aspirin reduces the relative risk of stroke recurrence by 13-18% [18] . Data from numerous trials establish that aspirin reduces the risk of stroke, MI and vascular death in a wide variety of patients who are at high risk for these atherothrombotic outcomes. There were no important differences in preventing stroke and other vascular events for various doses of aspirin between 30 and 1,300 mg per day [18] [19] [20] [21] . However, low-dose aspirin ap- pears to be better tolerated and several international consensus guidelines emphasize using doses of aspirin between 50 and 325 mg per day.
Adenosine Diphosphate Receptor Antagonists
Adenosine diphosphate (ADP) receptor antagonists inhibit ADP-induced fibrinogen binding to platelets, a necessary step in the platelet aggregation process. Studies have demonstrated that the ADP receptor antagonist clopidogrel effectively prevents stroke in patients with evidence of vascular disease. The CAPRIE study was comprised of 19,185 patients with recent ischemic stroke, MI or peripheral arterial disease [22] . The CAPRIE results indicated a statistically significant advantage of clopidogrel over aspirin, based on an 8.7% relative risk reduction (RRR) in the composite endpoint of ischemic stroke, MI or vascular death. This advantage over aspirin was enhanced in high-risk patients and patients with a history of stroke or MI [22] . The safety profile of clopidogrel is superior to that of ticlopidine (another ADP receptor antagonist), which is rarely used today due to cases of hematologic dyscrasia such as agranulocytosis and aplastic anemia.
Double Antiplatelet Therapy
Extended-Release Dipyridamole plus Aspirin Dipyridamole increases the plasma concentration of the endogenous platelet inhibitor adenosine by inhibition of adenosine uptake into red blood cells and attenuation of adenosine catabolism. Platelet aggregation in response to various stimuli such as platelet-activating factor, collagen and ADP is inhibited. However, dipyridamole is a pleiotropic agent whose stroke-deterring effects are probably mediated not only by direct actions on the platelet, but also several other mechanisms.
The combination of aspirin and extended-release dipyridamole (ERDP) has been tested and found to be more effective than aspirin alone in stroke prevention. The ESPS-2 study enrolled patients who had experienced either an ischemic stroke or TIA into 4 treatment groups as follows: 25 mg of aspirin, 200 mg of ERDP, 25 mg of aspirin plus 200 mg of ERDP, and placebo [18] . A total of 6,602 patients were followed for 2 years showing that both ERDP and aspirin had an independent and statistically significant effect in reducing the risk of stroke recurrence (16 and 18%) when compared with placebo. The combination of ERDP plus aspirin reduced the risk of nonfatal and fatal stroke by 23% compared to aspirin alone and by 37% compared to placebo [18] .
The European/Australasian Stroke Prevention in Reversible Ischaemia Trial (ESPRIT) was an open-label study enrolling patients who experienced nondisabling atherosclerotic stroke or TIA within 6 months of randomization [23] . One study arm compared dipyridamole (400 mg) and aspirin combinations versus aspirin alone and involved a range of aspirin doses between 30 and 325 mg per day (mean aspirin dose ! 75 mg/day). Another arm of the study compared oral anticoagulation versus aspirin. The primary outcome measure in ESPRIT was a composite including death from all vascular causes, nonfatal stroke, nonfatal MI, or major bleeding complication. Secondary endpoints included TIA and other vascular events. Over a mean follow-up of 3.5 years, among the 2,739 patients in the treatment arm comparing aspirin versus aspirin plus dipyridamole, 389 patients suffered at least one primary outcome event, including 173 patients randomized to aspirin plus dipyridamole (13%) and 216 patients randomized to aspirin alone (16%). The hazard ratio (HR) for the primary outcome event was 0.80 (95% CI 0.66-0.98), while for ischemic events the HR was 0.81 (95% CI 0.65-1.01) [23] . Although there were limitations (e.g. open-label design), the results of ESPRIT were consistent with the ESPS-2 results in that they establish a benefit for aspirin plus dipyridamole versus aspirin alone in the secondary prevention of vascular events after ischemic stroke [23] .
Clopidogrel plus Aspirin
In the Management of Atherothrombosis with Clopidogrel in High-Risk Patients with Recent Transient Ischemic Attack or Ischemic Stroke (MATCH) study, patients with a recent ischemic cerebrovascular event and at high risk of recurrent ischemia received low-dose aspirin (75 mg) or placebo against a background of ongoing clopidogrel (75 mg) therapy [24] . At follow-up after 1 year, clopidogrel plus aspirin provided no additional benefit over clopidogrel alone for the combined risk of ischemic stroke, MI, vascular death, or rehospitalization for ischemic events. Furthermore, the addition of aspirin to clopidogrel resulted in significantly more life-threatening (2.6 vs. 1.3%) and major bleeding complications (1.9 vs. 0.6%) than did clopidogrel alone [24] . Clopidogrel is a useful alternative to aspirin, particularly in aspirin-intolerant patients, but it should be used in combination with aspirin only in patients who present with acute coronary syndromes [24] .
Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance (CHARISMA) was a prospective, multicenter, randomized, double-blind, placebo-controlled study comparing the efficacy and safety of clopidogrel plus aspirin with that of aspirin alone in patients at high risk for a cardiovascular event [25] . The primary efficacy endpoint was the first occurrence of MI, stroke (of any cause), or death from cardiovascular causes (including hemorrhage). The rate of the primary efficacy endpoint was 6.8% with clopidogrel plus aspirin and 7.3% with placebo plus aspirin (relative risk 0.93; 95% CI 0.83-1.05; p = 0.22). Clopidogrel was not superior to placebo for the primary and secondary endpoints. The CHARISMA trial showed that the combination of clopidogrel plus aspirin was not significantly more effective than aspirin alone in reducing the rate of MI, stroke, or death from cardiovascular causes among patients with stable cardiovascular disease or multiple cardiovascular risk factors. The trial also showed that the risk of moderate bleeding was increased with clopidogrel. The findings do not support the use of clopidogrel plus aspirin therapy across the broad population tested [25] .
ERDP plus Aspirin vs. Clopidogrel
The Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial, the largest secondary stroke prevention trial ever conducted, was a double-blind, 2-by-2 factorial trial with 700 study sites and 20,332 subjects [26] . PRoFESS randomly assigned patients with a history of ischemic stroke to receive 25 mg of aspirin plus 200 mg of ERDP twice daily or to receive 75 mg of clopidogrel daily and followed them for a mean of 2.5 years. The primary outcome was first recurrence of stroke. Recurrent stroke occurred in 916 patients (9.0%) receiving aspirin plus ERDP and in 898 patients (8.8%) receiving clopidogrel (HR 1.01; 95% CI 0.92-1.11). The secondary outcome occurred in 1,333 patients (13.1%) in each group (HR 0.99; 95% CI 0.92-1.07). There were more major hemorrhagic events among aspirin plus ERDP recipients (4.1%) than among clopidogrel recipients (3.6%) (HR 1.15; 95% CI 1.00-1.32), including intracranial hemorrhage (HR 1.42; 95% CI 1.11-1.83). The net risk of recurrent stroke or major hemorrhagic event was similar in the two groups: aspirin plus ERDP recipients (11.7%) versus clopidogrel recipients (11.4%) (HR 1.03; 95% CI 0.95-1.11).
Consensus guidelines recommend that agents include aspirin, aspirin plus ERDP and clopidogrel monotherapy as acceptable options for initial therapy in recurrent stroke prevention [4] . It is expected that the guidelines will be updated shortly to reflect the results of the PRoFESS trial.
Warfarin
Anticoagulant therapy is of benefit in patients with a history of atrial fibrillation that puts them at risk for cardioembolic stroke [4] . However, warfarin is not more effective than aspirin for the prevention of noncardioembolic stroke. In a 2001 head-to-head comparison of warfarin and aspirin for the secondary prevention of noncardioembolic stroke (the WARSS trial), there was no difference in recurrent stroke rates over a 2-year followup period and no difference in adverse event rates, at the time suggesting that both treatments were reasonable therapeutic options [27] . Furthermore, in a more recent randomized controlled trial of 569 patients with symptomatic intracranial stenosis (the WASID trial), warfarin was associated with significantly higher adverse event rates and demonstrated no benefit over aspirin for stroke prevention [28] . In fact, this study was discontinued early because of the increased rates of death, major hemorrhage or MI among patients receiving warfarin [28] .
Antihypertensive Agents
The use of antihypertensive treatment has been shown to reduce this risk of secondary stroke in hypertensive individuals substantially [4] . Those with blood pressure considered normal ( ^ 140/90 mm Hg) with stroke risk factors such as vascular disease, diabetes plus 1 other cardiovascular risk factor, or a history of stroke or TIA may also benefit from antihypertensive medication treatment. The overall effect of treating hypertension is a 30% reduction in the risk of recurrent stroke.
Modulators of the Renin-Angiotensin System
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers are both therapeutic agents that attenuate the effects of the renin-angiotensin system. This system has been implicated in the basic underlying mechanism of hypertension and also in mechanisms involved in atherogenesis and endothelial dysfunction [29] . The renin-angiotensin system is involved in vascular remodeling, oxidative stress, and inflammation. It promotes atherosclerosis by interacting with the endothelium and promoting the inflammatory processes. The endothelium is responsible for maintaining vascular homeostasis and is strongly influenced by the interplay between nitric oxide and angiotensin II. Improving en-dothelial function may be an important intervention for stroke prevention as both animal and human studies have shown that decreasing angiotensin II production through ACE inhibition can improve vascular compliance and endothelial function [29] .
The Perindopril Protection against Recurrent Stroke Study (PROGRESS) enrolled 6,105 patients randomized to active therapy with the ACE inhibitor perindopril with or without the thiazide diuretic versus placebo, in a doubleblinded fashion for a mean follow-up of 3.9 years [30] . The active treatment arm had a 28% RRR in stroke: the most dramatic finding was that combination therapy with both ACE inhibitor and thiazide diuretic was associated with a lower risk of total stroke (RRR 43%), fatal or disabling stroke (RRR 46%), ischemic stroke (RRR 36%), and cerebral hemorrhage (RRR 76%) as compared to placebo [30] .
In the second part of the PRoFESS trial, the investigators randomly assigned patients with a history of a recent ischemic stroke to receive telmisartan (80 mg daily) versus placebo [31] . The primary outcome as previously noted was recurrent stroke. During the mean follow-up of 2.5 years, mean blood pressure was 3.8/2.0 mm Hg lower in the telmisartan group compared to the placebo group. A total of 880 patients (8.7%) in the telmisartan group versus 934 patients (9.2%) in the placebo group experienced a stroke (HR in the telmisartan group 0.95; 95% CI 0.86-1.04; p = 0.23). Major cardiovascular events occurred in 13.5% of the patients in the telmisartan group versus 14.4% in the placebo group (HR 0.94; 95% CI 0.87-1.01; p = 0.11). Post hoc exploratory analyses indicated that the number of patients who had a recurrent stroke during the first 6 months was 3.4% in the telmisartan group versus 3.2% in the placebo group (HR 1.07; 95% CI 0.92-1.25). After 6 months, 5.3% of the subjects in the telmisartan group had a recurrent stroke versus 6.0% in the placebo group (HR 0.88; 95% CI 0.78-0.99). The difference in effects that were observed during the two periods was significant (p = 0.04 for interaction). The takehome message from this part of the PRoFESS trial was that over the study period therapy with telmisartan initiated after the occurrence of an ischemic stroke and continued for 2.5 years did not significantly lower the rate of recurrent stroke, but the effect of telmisartan on recurrent stroke may be time-dependent [31] .
Thiazide-Type Diuretics
Thiazide diuretics act by inhibiting tubular resorption of sodium and chloride ions in the ascending loop of Henle and early distal tubule [29] . This results in excretion of water, sodium and chloride. The net effect is a decrease in peripheral vascular resistance. Thiazides have been associated with decreased rates of stroke in many different types of studies and populations. In a case-control study of treated hypertensive patients, antihypertensive drug regimens that did not include a thiazide diuretic were associated with an increased risk of ischemic stroke compared with regimens that did include a thiazide [29] . In the randomized, placebo-controlled trial PATS (The Post-stroke Antihypertenensive Treatment Study), the thiazide-like diuretic indapamide was evaluated in secondary stroke prevention in 5,665 people [32] . Treatment with thiazides was associated with a 5/2 mm Hg reduction in blood pressure and a 29% RRR of stroke at 3 years compared to placebo [32] . The PROGRESS trial as noted previously found that combined therapy with indapamide and perindopril but not perindopril alone reduced the risk of recurrent stroke [30] .
Based on the PROGRESS trial, the JNC-7 recommends the combination of a thiazide-type diuretic and an ACE inhibitor for patients with cerebrovascular disease [33] . In patients with stage 2 hypertension (systolic blood pressure 6 160 mm Hg or diastolic blood pressure 6 100 mm Hg), the JNC-7 guidelines indicate treatment with a combined 2-drug antihypertensive regimen should be initiated [33] .
Statins (HMG-CoA Reductase Inhibitors)
Several major lipid-lowering trials have shown that statin therapy reduces overall vascular risk, and the role of statins in preventing primary stroke among persons with or at risk of cardiovascular disease is well established [29] . However, until recently the benefits of statins in the secondary prevention of vascular events after an ischemic stroke or TIA were largely unproven [29] . The mechanisms by which statins confer vascular protection are multifactorial, but the best-described and probably primary actions are upregulation of low-density lipoprotein (LDL) receptor activity and reduction of LDL entry into the circulation [34] . Statins are believed to harbor other beneficial actions that may contribute to preventing stroke occurrence ( table 3 ). The Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) study was the first clinical trial of statins specifically designed to study ischemic stroke and TIA patients (1-6 months after the index event) with normal or average cholesterol levels at the time of study initiation and no evidence of coronary heart disease [35] . SPARCL enrolled 4,731 subjects randomly assigned to receive high-dose atorvastatin (80 mg/day) or placebo over an average of 4.4 years of follow-up [35] .
Statin treatment was associated with a 38% reduction in LDL compared to a 7% reduction in the placebo group that translated into a 16% relative reduction in the primary endpoint of any recurrent stroke [35] . This overall net stroke-reducing benefit comprised reductions in fatal stroke and ischemic stroke but an increase in hemorrhagic stroke. The number needed to treat for the prevention of 1 stroke over 5 years was 46, and to prevent a major cardiovascular event, 29 [35] .
Subjects randomized to active therapy in SPARCL had a higher rate of intracerebral hemorrhage (ICH) (HR 1.68). Factors associated with an increased risk of ICH in SPARCL were: ICH as the entry event, increasing age, and stage 2 hypertension; however, being female appeared to be protective [34] . Uncontrolled hypertension at the last study visit prior to ICH occurrence was also associated with an increased risk. There was no relationship between LDL level and risk of ICH [34] .
As the net vascular benefit from statin treatment far outweighs the risk of ICH, at this time it would appear that the overwhelming majority of ischemic stroke patients should be treated with a statin without undue concern for ICH, especially in the setting of good blood pressure control ( ! 140/90 mm Hg) [34] .
The American Stroke Association recommends that a statin be initiated during hospitalization for first ischemic stroke of atherosclerotic origin [4] . This guideline is to be applied to ischemic strokes caused by small vessel disease or large vessel atherosclerosis. Treatment dose should depend on an individual's vascular risk, but for patients with atherosclerotic stroke an LDL cholesterol goal of ! 100 mg/dl (2.6 mmol/l) should be targeted. Selected patients at very high risk should have an LDL cholesterol goal of ! 70 mg/dl (1.8 mmol/l) [4] .
Lifestyle Modification

Smoking Cessation
Smoking causes increased arterial wall stiffness resulting in reduced distensibility and compliance [29] . In addition, it is associated with increased fibrinogen levels, increased platelet aggregation, decreased high-density lipoprotein (HDL) cholesterol levels and increased hematocrit. Benefits from quitting are seen in former smokers even after many years of heavy smoking [29] .
The stroke risk associated with former smoking has been shown to substantially decrease with increasing time since cessation and returns to the risk level of nonsmokers at 5 years from cessation. The risk is dependent upon the number of cigarettes smoked and is consistent for all subtypes of stroke. Evidence is also accumulating to implicate pipe and cigar smoking as a risk factor for stroke, and passive exposure to environmental smoke as a risk factor for atherogenesis. Prospective studies assessing modification of smoking habits showed that 21.7% gave up smoking at 6 months after having inpatient counseling [29] .
All stroke patients should be screened for this risk factor. Based on these and other cohort and epidemiological studies, a consensus committee of healthcare professionals from the Stroke Council of the American Heart Association have recommended immediate smoking cessation advice be given to all current smokers [4] . Those who are current or recent smokers should undergo inpatientinitiated smoking cessation intervention. As rates of quitting tobacco in the long term are poor, any smoking cessation program needs to include long-term follow-up. Additionally, factors that promote smoking such as stress and depression should be addressed.
Diet and Obesity
High daily dietary intake of fat is associated with obesity and may act as an independent risk factor or may affect other stroke risk factors such as hypertension, diabetes, hyperlipidemia, and cardiac disease [29] . There is evidence that certain types of diets can be particularly effective in treatment of cardiovascular and stroke risk independent of weight loss. There may be a protective relationship between stroke and the consumption of fruits and vegetables, especially cruciferous and green leafy vegetables and citrus fruit and juice [29] . Analysis of data from the Nurses Health Study and Health Professionals Follow-up Study found that an increment of 1 serving of fruit and vegetables was associated with a 6% lower risk of stroke. Abdominal obesity is an independent, potent risk factor for ischemic stroke in all race-ethnic groups [36] . It is a stronger risk factor than BMI and has a greater effect among younger persons [36] . Compared with men with low normal weight, men with a BMI 1 30.0 had an adjusted HR of 1.93 for total stroke. Proper diet in combination with increased activity is the most effective way to lose weight. One study found that 85.4% of those who had received dietary advice reported a dietary change compared with 56.0% of those who had not received such advice [37] .
The American Heart Association Diet Guidelines are an important resource for prescribing a diet that will lead to weight loss and improved cardiovascular outcomes [4] . Patients with prior stroke should be advised to eat fewer high fat/high cholesterol foods. Increasing evidence supports the benefits of maintaining normal body weight for reducing risk of cardiovascular disease. Initiation and maintenance of the American Heart Association diet provide a means for achieving these goals while ensuring an overall balanced and nutritious dietary pattern. Intervention through nutritional counseling and a doctor-prescribed exercise regimen may help patients comply with the guideline recommendations and more successfully lose weight [29] .
The protective effect of physical activity may be mediated in part through its role in controlling known stroke risk factors like hypertension, cardiovascular disease, diabetes, and body weight [29] . Other possible mechanisms including reductions in fibrinogen and platelet activity as well as elevations in plasma tissue plasminogen activator activity and HDL concentrations play a role [29] .
Lifestyle and behavior modifications that include exercise are effective in the prevention of cardiovascular disease and stroke. The benefits are manifested largely through the role that exercise plays in the control of certain modifiable risk factors, such as control of blood lipid abnormalities, diabetes and obesity [29] . Exercise also adds an independent effect in the lowering of blood pressure in certain hypertensive groups, thus favorably modifying a major risk factor for stroke. An aerobic conditioning program can enhance glucose regulation and promote decreases in body weight and fat stores, blood pressure, C-reactive protein, and levels of total blood cholesterol, serum triglycerides, and LDL cholesterol. Exercise also increases HDL cholesterol and improves coronary artery endothelial function. These findings are consistent with the growing body of evidence that interventions that promote plaque stability, favorable changes in vascular wall function, or both have important implications for the medical management of patients after a stroke or other vascular event [29] .
Guidelines recommend that Americans should exercise for at least 30 min of moderately intense physical activity on most, and preferably all, days of the week [29] . For stroke, the benefits are apparent even for light to moderate activities such as walking and increasing the level and duration of one's recreational activity. A goal for stroke survivors should be to improve aerobic fitness, notwithstanding residual functional limitations. All patients with ischemic stroke should have exercise counseling [29] .
Patient Education
Knowing that stroke is a highly preventable condition and being aware of the importance of risk factor and lifestyle modification can be especially effective when a patient is admitted to the hospital and focused on her or his health [29] . The general population and particularly those at risk for stroke unfortunately have a very poor knowledge of stroke and stroke risk factors [29] . There is ample evidence that stroke education can have an impact among individuals and communities for prevention and more rapid presentation. A high-risk screening and education program in Taiwan demonstrated the impact of stroke education which was linked to an impressive decrease in the stroke mortality rate when compared to the reference community [29] .
Revascularization Procedures
Carotid Endarterectomy
Internal carotid artery (ICA) stenosis is an important cause of TIAs and stroke, accounting for 10-20% of cases. The most common cause of ICA stenosis is atherosclerosis. Data from three large randomized trials of high-grade symptomatic ICA stenosis (The North American Symptomatic Carotid Endarterectomy Trial, European Carotid Surgery Trial, Veterans Affairs Cooperative) have demonstrated a clear advantage of carotid endarterectomy (CEA) [4] . CEA increased the 5-year risk of ipsilateral ischemic stroke in patients with ! 30% stenosis, had no effect in those with 30-49% stenosis, had marginal benefit in those with 50-69% stenosis, but was of greatest benefit in patients with 6 70% stenosis but without near occlusion (adjusted risk reduction [ARR] 16%; p ! 0.001) [4] . CEA done by a surgeon with a perioperative morbidity and mortality of ! 6% for this procedure is recommended [4] . For those with ipsilateral moderate (50-69%) cervical carotid stenosis, CEA should be considered, and a decision to operate should be based on the patient's age, gender, comorbidities, and severity of initial symptoms. Overall, the benefit from CEA is best if it is performed within 2 weeks after the patient's last ischemic event, the advantage it confers falling rapidly with increasing delay [4] . If carotid stenosis is ! 50%, CEA is not recommended [4] .
The Asymptomatic Carotid Atherosclerosis Study (ACAS) evaluated the efficacy of CEA in patients with a 1 60% asymptomatic ICA stenosis. Patients were aged 40-79 years and had a 1 5-year life expectancy [38] . The event rate in surgically treated patients for the primary endpoint (ipsilateral stroke, perioperative stroke, or death) was 5.1% over 5 years, including a 1.2% angiography risk and 1.1% surgical risk. The rate of primary endpoint in medically treated patients was 11%, for a 55% RRR and 6% ARR (p = 0.004) [38] . The important factors to consider are the low rate of adverse outcomes in the trial, and patients with 1 80% stenosis benefited more from surgery. CEA for asymptomatic ICA stenosis 1 60% is an acceptable option for patients with a surgical risk ! 3% and a life expectancy of at least 5 years. Patients with ! 60% asymptomatic stenosis do not benefit from CEA [38] .
Carotid Angioplasty with Stenting
Carotid artery stenosis may be treated endovascularly by percutaneous transluminal balloon angioplasty with or without stent insertion or by primary stenting. Endovascular treatment may be a useful alternative to CEA, particularly for lesions not suitable for surgery [29] .
Most of the initial data on carotid angioplasty with stenting (CAS) were based on case series, surveys, and enrollment of patients in voluntary registries. The Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) was the first major trial to be completed and included patients with carotid stenosis in whom there was uncertainty about which procedure was preferable. CEA was performed in 253 patients, carotid artery angioplasty with or without stenting in 251 [39] . Suitable stents became available during the course of the study but were used in only 26% (n = 55) of the procedures. Periprocedural stroke and death rates were higher than in the previous trials of CEA, but were similar for endovascular treatment and surgery (10.0 vs. 9.9%). The endovascular procedure had less cranial neuropathy (0 vs. 8.7%), less frequent neck or groin hematoma (1.2 vs. 6.7%), but more frequently restenosis at 1 year (14 vs. 4%) [39] .
Distal protection devices to capture emboli during angioplasty and stenting have been developed and may decrease the risk of stroke during interventional procedures. The Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy (SAPPHIRE) study compared CEA and CAS with the use of one such device in patients with moderate to severe ICA with an increased surgical risk [40] . Major cardiovascular events occurred in 12.2% of patients in the CAS group and 20.1% of the CEA group (ARR 7.9%, p = 0.004 for noninferiority).
In the SPACE trial, a multinational, prospective, randomized study to test the hypothesis that CAS is not inferior to CEA for treating patients with severe symptomatic carotid artery stenosis, 1,200 subjects with carotid stenosis 1 70% on duplex ultrasound were randomly assigned within 180 days of a TIA or ischemic stroke to undergo either CAS or CEA. The primary endpoint was ipsilateral ischemic stroke or death at 30 days following the procedure. Final results showed that although the absolute difference in these events between the groups was 0.51%, the 90% CI crossed zero, ranging from -1.89 to 2.91%, and as such the noninferiority of CAS compared with CEA for the 30-day complication rate was not proven [41] . The SPACE investigators also reported additional results and found that in both the intention-to-treat and per-protocol analyses the occurrence of ipsilateral ischemic strokes or any periprocedural stroke or death up to 2 years after the procedure did not differ between the CAS and the CEA groups [42] . Furthermore, in both the intention-to-treat and per-protocol populations, recurrent stenosis of 6 70% was significantly more frequent in the CAS group compared with the CEA group [42] .
The EVA-3S trial was a multicenter, randomized, noninferiority trial to compare stenting with endarterectomy in patients with a symptomatic carotid stenosis of at least 60% [43] . The primary endpoint was the incidence of any stroke or death within 30 days after the procedure. The EVA-3S trial had to be terminated early after the inclusion of 527 patients due to concerns about safety and futility. The 30-day incidence of any stroke or death was 3.9% following endarterectomy versus 9.6% after stenting. The relative risk (i.e. stenting vs. endarterectomy) was 2.5 (95% CI 1.2-5.1). At 6 months, the incidence of any stroke or death was 6.1% following endarterectomy vs. 11.7% after stenting, a difference which was statistically significant (p = 0.02). There were more major local complications after stenting and more systemic complications (mainly pulmonary) after endarterectomy, but these differences did not reach statistical significance.
Cranial nerve injury was more frequent after endarterectomy compared to stenting [43] .
CAS performed by operators with established periprocedural morbidity and mortality rates of 4-6%, may be considered in those with [4] :
• symptomatic severe stenosis ( 1 70%) in whom the stenosis is difficult to access surgically; • medical conditions that greatly increase the surgical risk; • specific circumstances such as radiation-induced stenosis or restenosis after CEA. Angioplasty and/or stenting may also be considered when patients with symptomatic extracranial vertebral stenosis are having symptoms despite optimal medical risk factor treatment. Among those with hemodynamically significant stenosis of the major intracranial vasculature (basilar, middle cerebrals, distal carotids and vertebrals) experiencing symptoms despite optimal medical risk factor treatment, angioplasty and/or stenting is considered experimental [4] .
Evidence-Practice Gap
Numerous secondary stroke prevention modalities are now available and there is a copious amount of data that validates the efficacy of quite a few of these therapies [9] . Yet, there exists a large gap in implementing evidence-based secondary prevention strategies. TIA and ischemic stroke patients are often discharged from the hospital without being put on any preventive medication, despite the fact that there is data supporting the use of antiplatelet agents, anticoagulants, and antihypertensives for the prevention of secondary stroke [9] . In addition, there are behavioral interventions that could help patients avoid stroke recurrence, but quite often stroke patients are not being educated about these behaviors during the acute care period. Poor discharge treatment utilization limits the effectiveness of proven therapies, resulting in lost opportunities to reduce the burden of secondary stroke.
All of this notwithstanding, the acute stroke hospitalization setting represents the ideal opportunity to implement evidence-based combination therapies to help prevent early recurrence of stroke and other vascular events [9] . Current clinical management of acute stroke patients has stroke specialists and hospital physicians focusing on the acute management and diagnostic work-up during hospitalization. Initiation of long-term treatments is often deferred to the postdischarge setting when the patient resumes long-term primary care follow-up. This deferred approach may result in therapy not being initiated or being initiated less efficiently and at a time (weeks or months after the initial presentation) when the stroke event and underlying atherosclerotic disease may no longer be the focus of either the patient or primary care physician. Initiating medications during the acute stroke hospitalization phase sends the message to the patient that these therapies are important for the prevention of recurrent events and are an essential part of his/her treatment. Importantly, hospital initiation of secondary prevention therapies has been shown to be a strong predictor of subsequent use in the community, and is associated with better clinical outcomes [9] .
As a means for hospitals to ensure they are implementing the current guidelines, the American Stroke Association developed an interactive, hospital-based quality improvement program called 'Get with the Guidelines-Stroke' (GWTG-Stroke). GWTG-Stroke has tools which help ensure continuous quality improvement of acute stroke treatment and ischemic stroke prevention. It focuses on care team protocols to ensure that patients are treated and discharged appropriately [9] . GWTG-Stroke identifies people (champions) to lead, develop and mobilize teams to implement treatment and discharge guidelines for patients in acute care hospitals [9] .
Another program that provides tools for translating evidence-based medicine into clinical care is the UCLA Stroke PROTECT (Preventing Recurrence of Thromboembolic Events through Coordinated Treatment) program [9] . PROTECT is a quality improvement program dedicated to the reduction of recurrent cerebrovascular Table 4 . Potential avenues for enhancing further research in closing the stroke prevention evidence-practice treatment gap [9] 1 Evaluation of adherence for periods beyond 1 year 2 Randomized trial data are needed 3 Link stroke quality improvement initiatives with clinical outcomes 4 Other interventions -Follow-up risk factor control clinics -Telephone follow-up -Primary care feedback -Greater neurologist involvement in postdischarge risk reduction 5 More efficient data capture 6 Funding avenues for implementation research events through improved utilization of proven, evidencebased secondary prevention treatments [9] . The PRO-TECT program systematically implements 8 medication/ behavioral secondary prevention measures known to improve outcome in patients with cerebrovascular disease at the time of acute TIA or stroke admission. The program's treatment algorithms center on evidence-based combination of medical and behavioral therapies that target the underlying atherosclerotic process [9] . The 4 medication goals are initiation of an antithrombotic, a statin, an ACE inhibitor/angiotensin receptor blocker and a thiazide diuretic. The 4 behavioral interventions are smoking cessation counseling, exercise counseling, diet counseling and education about personal stroke risk factors and the need to call 911 if new stroke symptoms occur. PROTECT has been associated with a substantial increase in treatment utilization at the time of hospital discharge and with high treatment adherence rates at 90 days and 1 year after discharge [9] .
Beyond the aforementioned successful programs, there are several other potential avenues to optimize implementation research in stroke prevention and to further bridge the stroke prevention evidence-practice gap ( table 4 ) .
Conclusions
Atherothrombotic disease is a major health burden with significant economic impact. Patients with prior stroke are at significant risk of experiencing a recurrent event or an atherothrombotic event in another vascular bed. A multimodal stroke prevention strategy comprises an early and aggressive therapeutic approach towards slowing the progressive and devastating consequences of atherosclerotic disease. Key guidelines based largely on compelling clinical trial evidence recommend the use of various classes of medications including antithrombotics, statins and antihypertensives, as well as revascularization procedures and lifestyle modification to prevent future atherothrombotic events in patients with a history of stroke or TIA. To enhance adherence to several of these treatments, systematic in-hospital and outpatient evidence-based protocols have been developed and proven to be successful. With the incidence of stroke believed to rise in coming decades due to the graying of the world's population, it will be extremely important for clinicians caring for patients with stroke or TIA presumed to be due to atherosclerosis, to appropriately, effectively and efficiently apply evidence-based vascular risk reduction treatments with the goal of lessening the heavy personal and societal burden of recurrent stroke.
